The objective of this study was to evaluate the effects of inoculation with A. brasilense, sources and levels of sidedress nitrogen (N) on agronomic traits of maize cultivated in two regions of Brazilian Cerrado during the summer season. The experiments were conducted during the 2011/12 growing season in Chapadão do Sul and Selvíria Cities, State of Mato Grosso do Sul, Brazil. The experimental design consisted of a randomized complete block design with a 2 × 2 × 5 factorial scheme (with and without inoculation with A. brasilense, two sources of N [regular urea and polymer coated urea], and 5 levels of sidedress N [0, 45, 90, 135, and 180 kg ha -1 ], with 4 replicates for each location.
Biological N fixation in maize (Zea mays L.) plants promoted by Azospirillum. brasilense has gained significant importance over the past years (Hungria et al., 2010; Sabundjian et al., 2016) . Besides it can fixate N, A. brasilense possesses genes which produce plant growth substances that can promote positive influence on plant establishment, root development, and water and nutrient absorption (Cassán et al., 2014) and chlorophyll biosynthesis in the leaves (Inagaki et al., 2015) .
Urea is the main source of N used worldwide.
In Brazil, this product corresponds to approximately 60% of the total of N fertilizers commercialized, and its production is clearly favored by industries, due to its lower cost and easier production, when compared to other N sources (Soares et al., 2015) . On the other hand, as a disadvantage, urea can suffer great N loss due to ammonia volatilization (Boaretto et al., 2013) .
To minimize such losses, many modifications on traditional urea have been evaluated (Sun et al., 2015) , including the production of fertilizers with granule coated with resins or polymers (Zavaschi et al., 2014) .
Recently, recommendations to reduce the application of N fertilizers are being questioned.
There is a lack of information about the combination of inoculation with microorganisms technology and synthetic fertilizers .
Thus, the objective of this study was to evaluate the effect of inoculation with A. brasilense, sources and levels of sidedress N on agronomic traits of summer maize cultivated in two regions of Brazilian Cerrado.
material and methods

Local and experiment management
Experiments were conducted during the agricultural year of 2011/12 on a Dystrophic red Latosol (Santos et al., 2013) Figure 1 , Figure 2 and 
Experimental design
Both experiments were arranged in a were harvested, and submitted to mechanic trail, and the seed weight was determined. The maize yield results were calculated as kg ha -1 (corrected to 13% moisture).
Statistical analysis
The data were submitted to analysis of variance using the statistical software SISVAR 5.0 (Ferreira, 2011) . According to the F test, (N levels, N sources and inoculation with Azospirillum), the data were submitted to linear and quadratic regression analysis and the Tukey test (p ≤ 0.05) was used for mean comparisons.
Results and discussion
Final plant population and dry matter
The seed inoculation with A. brasilense reduced (p < 0.05) the final maize population cultivated in Chapadão do Sul. However, no effect was observed in maize cultivated in Selvíria (Table 3 ). The sources and levels of sidedress N did not change the final plant population in both locations (Table 3 ).
In both experiments the seeds inoculation were No effect was observed in plant dry matter content with the inoculation of A. brasilense. When the polymer coated urea was used, no effect in dry matter of maize was evidenced in Chapadão do Sul.
However, in Selvíria, a significant (p < 0.05) increase in dry matter content was observed in response to its application ( 1 ). This probably happened because plant stress situations resulted in a decrease of its photosynthetic activity and increased the respiration rate, reducing the carbon supply which is used to fixate N in Calvin cycle (Reis et al., 2015) .
Leaf N concentration and grain productivity
A significant interaction (p < 0.05) of inoculation with Azospirillum and sidedress N was observed for N content in leaves of maize grown in Chapadão do Sul (Table 4 ). The plots without
Azospirillum showed greater N content, except for the treatments without N fertilization (Table 5) . A possible hypothesis to explain the interaction of inoculation with A. brasilense and sidedress N levels (Table 5) is the water stress occurred in Chapadão do Sul during the experimental period. In the symbiosis between plant and diazotrophic bacteria, the plants provide energy to the bacteria, which in turn release N to the plant. During the water stress, the plant shared energy with Azospirillum, but it was not able to convert it to N for corn.
In high altitude Cerrado (Chapadão do Sul), there was an interaction (p < 0.05) of levels and sources of sidedress N (Table 6) For Selvíria conditions, there was increase (p < 0.05) in leaf N concentration in response to combination of inoculation and levels of N (Table 7) .
Increases on leaf N content due to N fertilization were obtained only in the treatments without inoculation with A. brasilense. For each 1 kg of N applied per hectare there was an increase of 0.038 g kg -1 of leaf N content. For the plots without sidedress N, there was a positive effect of inoculation with A. brasilense, improving plant nutritional status, providing greater leaf N concentration. Thus, when applying N fertilizers at a greatest level (180 kg ha -1 ), the greatest leaf N concentration was observed, without inoculation with A. brasilense. Radwan et al. (2004) observed, in controlled conditions, that increasing N in the nutritive solution, negatively interfered on the auxins levels by two strains of the genus Azospirillum.
Thus, it is possible that the root systems might have less development in greater N levels, when inoculated with Azospirillum, therefore being unable to uptake N in deeper soil layers.
Even with the development of maize in Chapadão do Sul being strongly affected by the period of drought during the vegetative phase, N sidedressing promoted increase (p < 0.05) on maize yield (Table 4 ). However, in these conditions, the inoculation with Azospirillum was not able to increase yield. It is important to emphasize, that the amounts of organic matter and total mineral N in Chapadão do Sul (Table 1 ) was able to supply part of the demand of N of the corn plants, limiting the benefits of biological N fixation by Azospirillum (Sangoi et al., 2015) .
For maize cultivated in Selvíria, although the greatest yield was obtained with 180 kg ha -1 of sidedress N wihout Azospirillum inoculation, representing an increase of 57% when compared to the control treatment, it is only 14% greater than the ones observed in the plots inoculated with Azospirillum, without N sidedress (Table 8) , that showed an increase in the yield of 2.700 kg ha -1 , when compared with no inoculated seeds and without N sidedress. Braccini to note that the experiment performed in Chapadão do Sul showed milder temperatures compared to Selvíria (Figure 2 ). In this case, the polymer coating showed a positive effect on yield in comparison to the conventional urea.
Conclusions
• Inoculation with A. brasilense without N in cover, promoted greater productivity of maize grains in Selvíria. However, the combination with 135 and 180 kg ha -1 N on cover negatively affected the productivity.
• Coated urea increased the N content in maize leaves in both Selvíria and Chapadão do Sul (45 and 180 kg ha -1 ), reflecting greater grain yield in Chapadão do Sul.
The greatest grain yields were obtained using the maximum dose of N in cover (180 kg ha -1 ), without Azospirillum inoculation, regardless of the source of N used.
